Abstract. Based on the investigation data on As in surface and bottom waters in the bay mouth of Jiaozhou Bay in 1983, this paper analyzed the seasonal variations, vertical variations and horizontal distributions of As. Results showed that As contents in surface waters in different seasons were in order of summer > autumn > spring, while in bottom waters were autumn > spring > summer. The horizontal distributions of As in surface and bottom waters were consistent in May, while in September and October were reverse. We found that the vertical distributions of As and were mainly determined by the influences of pollution sources.
Introduction
As-containing waste water is one of the world widely industrial waster waters, and is causing environmental pollution issues in soil, rivers, ground waters and coastal waters in many countries, especially in developing countries. Due to the high toxicity of As, the As pollution in the marine environment could finally cause harms to human beings. Hence, studying the seasonal variation and spatial distributions of As in the marine environment is essential to understand the pollution level and environmental impact [1] [2] [3] .
Materials and method
Jiaozhou Bay (35°55′-36°18′ N, 120°04′-120°23′ E) is located in the south of Shandong Peninsula, eastern China. The area and and average water depth are 460 km 2 and 7 m, respectively, yet the bay mouth is only 2.5 km (Fig. 1 ). This bay is surrounding by cities of Qingdao, Jiaozhou and Jiaonan in the east, north and south, and is connected with the Yellow Sea in the south. There are more than ten inflow rivers such as Loushan River, Licun River and Haibo River, all of which are seasonal rivers [4] [5] .
The investigation on As in five sampling sites (H34, H35, H36, H37 and H82) in Jiaozhou Bay waters was conducted by North China Sea Environmental Monitoring Center in May, September and October 1983 (Fig. 1) . The investigation and measurement of As were follow by National Specification for Marine Monitoring [6] . We defined May, September and October as spring, summer and autumn, respectively. in the whole year. The major sources of As in spring in Jiaozhou Bay were overland runoff, stream flow, and marine current, whose source strengths of the pollution sources were relative high. In summer, the major sources of As were stream flow and marine current, and the source strength of stream flow was decreased to a low level along with the transfer process from the estuaries of the major rivers to the bay mouth. Hence, As contents was relative low in summer. In autumn, the major sources were overland runoff and marine current, and the overland runoff were mainly generated from the overland runoff from the coastal regions around the bay mouth. Hence, As contents in autumn were relative high. In generally, As contents in surface waters were mainly determined by overland runoff and stream flow.
In bottom waters in May, September and October 1983, As contents were ranged from 1. in the whole year. By means of vertical waters's effect [7] , As contents in bottom waters were mainly determined by which in surface waters, and there were sedimentation and accumulation processes in the waters [2, 5] . Therefore, As contents were also high in bottom waters in summer in case of high As contents in surface waters in spring, as contents were lower in bottom waters in autumn in case of low As contents in surface waters in summer. Hence, As contents in surface waters in different seasons were in order of summer > autumn > spring, while in bottom waters were autumn > spring > summer. However, in according to the guide line of Class I for As (20.00 μg L -1 ) in National Standard of China for Seawater Quality (GB3097-1997), the pollution level of As in Jiaozhou Bay in 1983 was very low.
Horizontal variations of As.
The five sampling sites were located in the inner side (H36 and H37), middle (H35) and out side (H34 and H82) of the bay mouth. In surface waters in May, As contents were decreasing from the inner side (4.89 μg L -1 ) to the out side (1.52 μg L -1 ), while in bottom waters were increasing from the inner side (1.56 μg L -1 ) to the out side (1.74 μg L -1 ). In surface waters in September, As contents were decreasing from the inner side (0.74 μg L -1 ) to the out side (0.19 μg L -1 ), and in bottom waters were decreasing from the inner side (0.63 μg L -1 ) to the out side (0.15 μg L -1 ). In surface waters in October, As contents were decreasing from the inner side (2.93 μg L -1 ) to the out side (1.48 μg L -1 ), and in bottom waters were decreasing from the inner side (0.52 μg L -1 ) to the out side (0.44 μg L -1 ). The horizontal distributions of As in surface and bottom waters were consistent in May, while in September and October were reverse.
In order to reveal the vertical variations of As, As contents in surface waters in the five sampling sites were subtracted by which in bottom waters, and the results were listed in Table 1 . The differences in May, September and October were -0.22-3.33 μg L -1 , -1.19-0.85 μg L -1 and -0.29-2.41 μg L -1 . In generally, As contents in surface waters and bottom waters were closed, and As contents in bottom waters were increasing/decreasing along with the increasing/decreasing of which in surface waters. Vertical variations of As. By means of the vertical waters's effect [7] , As contents were changing alot after pass through the water body. The growth and reproduction of marine planton were incrasing in spring and reach the climax in summer [5] , and a large amount of colloid was generated in the surface of the suspended particulate matters. Hence, the absorption and sedimentation of As in waters were also increasing [2] .
The major sources of As in May were overland runoff, marine current and stream flow. The input directions of overland runoff and stream flow were from the inner side of bay to the out side of the bay, while for marine current were inverse. By means of the overlay of the three sources, the horizontal distributions of As contents in surface and bottom waters in spring were reverse. In September and October, the horizontal distributions of As contents in surface and bottom waters were consist, because a big part of As were transferred to bottom waters by means of sedimentation.
Regional variations of As.
Once were input to the bay by overland runoff and stream flow, As was originally arrived the surface waters, and then was transferred to bottom waters rapidly and continously. Site H36 was located in the southwest inside the bay, in where As contents were always higher in surface waters than in bottom waters in different seasons, because the major source of As in this area was stream flow.
For Site H37, As contents were always higher in surface waters than in bottom waters in May and Septemer, due to the input of stream flow. However, As contents in Site H37 in surface waters and bottom waters were same in October by means of the homogeneity of marine waters [8] . Site H35 was located in the bay mouth, in where the directions of overland runoff and stream flow were from the inner side to the out side of the bay, while for marine current was inverse. Hence, As contents in surface waters were lower than in bottom waters in Site H35 in May, and were inverse in September and October. Site H34 and H82 were located in the out side of the bay, in where the major source was marine current. Hence, in case of the influence of marine current was strong (in May), As contents in surface waters were higher than in bottom waters. Once the influence of marine current was weak (in September and October), As contents in surface waters were lower than in bottom waters.
Conclusion
As contents in surface waters in different seasons were in order of summer > autumn > spring, while in bottom waters were autumn > spring > summer. The horizontal distributions of As in surface and bottom waters were consistent in May, while in September and October were reverse. The major sources of As in May were overland runoff, marine current and stream flow. The input directions of overland runoff and stream flow were from the inner side of bay to the out side of the bay, while for marine current were inverse. The vertical distributions of As and were mainly determined by the influences of pollution sources and the vertical waters's effect.
